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ABSTRACT 
Typhoid is caused by Salmonella enterica serovar Typhi that is usually diagnosed by using 
serologic and immuno-chromatographic techniques in developing counties including Pakistan, 
which is thought to be an unreliable diagnostic method. For accurate diagnosis we used 
molecular techniques to amplify 204 bp StyR-36 and 498 bp flagellin gene for the identification 
of Salmonella enterica serovar Typhi. This study was done on 58 individuals diagnosed positive 
of typhoid via serologic tests and 50 healthy individuals as a control group. Success rate of 
amplification for flagellin gene was 77.58% while that for StyR-36 gene was 68.97% showing 
that flagellin gene primer is characterized by higher value of percentage of amplification than 
that of StyR-36 gene primer. For precise and accurate diagnosis of Salmonella infection, both 
genes can be targeted using specific molecular markers. 
 Key words: Molecular markers, Salmonella enterica, typhi, flagellin, StyR-36
INTRODUCTION 
Water pollution is a serious problem 
in today’s life that is caused due to the 
expanding population and industrialization 
thus, causing the shortage of clean and pure 
drinking water to the people (Vorosmarty et 
al., 2000; Carmo et al., 2015). As a result, 
many life threatening diseases like malaria, 
typhoid, gastrointestinal disorders, jaundice 
and other bacterial, viral and protozoal 
infections have become common in 
individuals causing serious health problems 
(Sele et al., 2015).  Contaminated drinking 
water is a significant cause of many 
microbial infections and gastrointestinal 
disorders in developing countries of Asia 
and Africa. The sources of water 
contamination include unresolved and poor 
sanitation system, impure domestic water 
supplies and poor hygienic conditions, 
causing 1.7 million losses of lives per year 
(John, 2004). About 21.6 million individuals 
are affected every year, and this 
victimization rate fluctuates among 100 to 
1000 typhoid patients per 100000 
populations per annum (Crump and Mintz, 
2010). 
Typhoid, which predominates in less 
advanced areas of the world, is a highly 
contagious disease that is transmitted from 
person to person because of water or food 
contaminated with the feces of an infected 
person. The disease causes serious 
gastrointestinal problems like bleeding and 
perforation of intestine if it remains 
untreated (Atamanalp et al., 2015). Typhoid 
causes over 20 million deaths annually (90% 
mortality in Asia) due to contaminated food 
or water (Garcia et al., 2015). 
Diagnosis of typhoid is quite 
problematic because it shows similar 
symptoms with other common febrile 
diseases, also showing multi-symptomatic 
characteristics that make the diagnosis quite 
complex (Hurley et al., 2014). In developing 
countries like Pakistan, the infectious agents 
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are serologically diagnosed which is usually 
considered as an unreliable method. 
Molecular techniques are the sole resolving 
methods to accurately diagnose Salmonella 
enterica serovar Typhi by targeting the 
specific genes i-e, flagellin and/or StyR-36 
genes (Lamkanfi et al., 2007; Nithya et al., 
2015). 
MATERIALS AND METHODS 
Sample Collection 
A total of 58 blood samples 
serologically diagnosed with typhoid were 
collected from Federal Government 
Polyclinic, Islamabad.  Fifty control samples 
were obtained from healthy individuals. 
DNA Extraction and Polymerase Chain 
Reaction (PCR) 
Genomic DNA (gDNA) was 
extracted by following phenol-chloroform 
protocol described by Sambrook and Russel 
(2001) with slight modifications. Extracted 
gDNA was confirmed on 1% agarose gel 
and qualitatively and quantitatively analyzed 
using spectrophotometer (HP 8451A Diode 
Array Spectrophotometer, USA).  Two pair 
of primers, i-e, ST1/ST2 (5'-TATGCCGCT 
ACATATGATGAG-3', 5'-TTAACGCAGT 
AAAGAGAG-3') and StyR-36F/StyR-36R 
(5'-TGCCATGTAATCGGACGCCGAC-3', 
5'-AGCCAACAAACGCGGTTGCG-3') 
were used to amplify 498 bp of flagellin and 
204 bp of StyR-36 gene (Haque et al., 1999; 
Nithya et al., 2015), respectively. 
Amplification of respective genes was 
carried out using PCR Sprint Thermal 
Cycler (Thermo Electron Corporation, 
USA). The reaction mixtures for both genes 
contained 10x reaction buffer, 25mM 
MgCl2, 10mM dNTPs, 5 U/µL Taq 
polymerase and 5pmol of each forward and 
reverse primer. 
Amplification conditions for target 
genes include; single cycle of initial 
denaturation at 95° C for five min, 35 cycles 
of denaturation for 1 min at 95° C, followed 
by annealing for 1 min at optimized 
annealing temperatures for each primer (59° 
C for ST1/ST2 primers, 52° C for StyR-
36F/StyR-36R priers) and elongation at 72° 
C for 2 minutes. Post extension was carried 
out at 72° C for five minutes. The amplified 
product was then analyzed by 1.5% agarose 
gel electrophoresis. 
RESULTS AND DISCUSSION 
DNA extracted from samples of both 
patients and control group was confirmed by 
agarose gel (1%) electrophoresis and the 
quality and quantity of gDNA was analyzed 
on spectrophotometer (Fig. 1 and Fig. 2). 
 
Figure 1: Graph showing quality of genomic DNA 
(A260/A280); P series shows patient samples; C 
series shows control samples. 
 
Figure 2: Graph presenting quantity of genomic 
DNA (ng/µL); P series shows patient samples; C 
series shows control samples. 
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Flagellin gene of 498 bp (Figure 3) 
and StyR-36 gene of 204 bp (Figure 4) of 
Salmonella enterica serovar Typhi were 
amplified with the help of two primer pairs 
of ST1/ST2 and StyR-36F/StyR-36R, 
respectively. Under optimized conditions of 
PCR, no control sample showed any 
amplification for either gene, thus showing 
the accuracy of molecular markers for the 
specific amplification of target gene and the 
exclusiveness of StyR-36F/StyR-36R primers 
to StyR-36 and ST1/ST2 primers to flagellin 
gene of Salmonella enterica serovar Typhi. 
 
Figure 3: Amplified PCR product; Lane 1: 100bp 
DNA ladder; Lane 2-16: 498bp of flagellin gene. 
 
Figure 4: Amplified PCR product; Lane 1: 100bp 
DNA ladder; Lane 2-16: 204bp of StyR-36 gene. 
The unamplified samples represent 
PCR-diagnosed negative typhoid individuals 
divulging the false diagnosis by serological 
methods, because these methods only rely 
on the presence of antibodies against 
specific pathogen in an individual. The 
antibodies present in the serum may persist 
for a long time, even after the pathogen 
leaves its host victim. Therefore, the positive 
results of a serological diagnosis may not be 
the indicator of current infection (Ni et al., 
2000; Morrow and Friedrich, 2003; Moreno 
et al., 2009; Cota et al., 2012; Paul et al., 
2015). 
Flagellin gene was amplified in 45 
samples showing 77.58% amplification 
results. This gene has also been amplified in 
previous studies for molecular based 
identification of Salmonella infection in 
blood (Khan et al., 2012). A similar set of 
primers was used by Haque et al. (2001) to 
amplify flagellin gene in 55 typhoid 
suspected and 20 healthy individuals in 
order to compare the results of molecular 
technique with Widal-Test and blood 
culture. Results of the study for febrile 
patients to healthy individuals were 58.2/0, 
14.5/0 and 52.7/45 percent for PCR, blood 
culture and Widal-Test, respectively. Results 
of serologic and culture methods in this 
study showed unsatisfactory and inaccurate 
results while that of PCR showed more 
precise and reliable results as no 
amplification was done in case of control 
group. 
In current study, StyR-36 gene was 
amplified in 40 samples showing 68.97% 
amplification results. Nithya et al. (2015) 
conducted a study on Salmonella species by 
targeting StyR-3, StyR-36 and StyR-143 
genes in order to evaluate the specificity of 
genes in S. paratyphi and S. typhi. StyR-3 
and StyR-46 was found in both the species 
while StyR-36 was amplified only in S. 
typhi. The current study revealed that the 
targeted StyR-36 gene exclusively belonged 
to Salmonella serovar Typhi, helping in the 
accurate identification and diagnosis of the 
respective species. 
CONCLUSION 
From current study it can be concluded that 
molecular techniques are more reliable and 
accurate methods of diagnosis. Moreover, 
both flagellin and StyR-36 genes can be 
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targeted for diagnosis of Salmonella 
infection. 
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